Objective: The objective is to investigate the incidence and consequences of arterial line occlusion during invasive blood pressure monitoring in the form of questionnaire survey. Methods: The questionnaires were randomly distributed to the anesthesiologists who participated the 22 nd annual meeting of Chinese society of anesthesiology. The main contents of this survey included the arterial line managing status, the incidence of arterial line occlusion, the effects of arterial line occlusion on the anesthesiologists' therapy and consequences caused by arterial line occlusion. Results: Totally 294 questionnaires were collected, in which 261 questionnaires were valid. In all respondents, 28.3% expressed that they could not flush arterial line on time, and 95.4% had experienced flushing arterial line only or sometimes or occasionally when the arterial waveform was not normal. Furthermore, 93.9% had experienced partial occlusion of the arterial line, and 79.3% had experienced complete occlusion. According to the serious recall of the respondents, the incidence of partial arterial line occlusion was 17.7% ± 22.0%, and the incidence of complete arterial line occlusion was 3.6% ± 8.1%. For all the respondents, 89.7% had experienced suspecting arterial line occlusion while real hypotension occurred, 65.1% had experienced not treating hypotension timely due to this suspicion, and 31% had experienced serious consequences caused by this suspicion. Conclusion: The incidence of arterial line occlusion is high during invasive blood pressure monitoring, which is a threat to the patients' safety. So, intensive attention should be paid to the arterial line management.
Introduction
Arterial pressure measurement is a reliable procedure in the evaluation of patients' hemodynamics because it gives primary information about the performance of the cardiovascular system and tissue perfusion. There are a variety of methods to measure blood pressure, and they can be divided into non-invasive and invasive measurement according to whether invasive procedures are carried out to the body. Although non-invasive measurement is widely used in clinic, it is not continuous monitoring and is expected to be not accurate in patients with hemodynamic instability, severe hypotension, increased arterial stiffness and obesity [1] - [6] . Invasive blood pressure (IBP) can be measured directly, accurately, and continuously by inserting a cannula in the radial, brachial, femoral, or dorsalis paedis artery and connecting the cannula to a calibrated transducer, which converts blood pressure into an electrical signal. The electrical signal is transmitted to the monitor and then is amplified and displayed as an analog waveform and digital output [7] . IBP is considered to be the gold standard of arterial pressure measurement [8] , which provides beat-by-beat measurement especially in patients receiving inotropic or vasoactive drugs, in cases of abrupt changes in blood volume or arterial tone, or those with arrhythmias [2] [3] [9] . IBP provides important guarantee for the patients who are critically ill or undergoing high-risk and major surgery during perioperative period.
A variety of factors can lead to arterial line occlusion during IBP monitoring, which displays that the pressure waveform loses its characteristic landmarks and appears unnaturally smooth, with a diminished or absent dicrotic notch and so on. This may have a great influence on the accuracy of blood pressure monitoring and is also a threat to the patients' safety. There is no report concerning how the arterial line management is carried out in clinic and whether patency condition of arterial line is worth of more attention. This study was designed to investigate the arterial line managing status and the incidence, influence factors and consequences of arterial line occlusion during IBP monitoring by a questionnaire survey, in order to evaluate the importance of the arterial line management on IBP monitoring and perioperative patients' safety.
Materials and Methods

Design of the Questionnaire
The relevant literatures were searched with the key words, such as "Invasive blood pressure", "Arterial line", "Perioperative management", "Questionnaire survey" through the Pubmed medical literature retrieval system and the literatures published during 2000-2015 were reviewed. According to these literatures and the experience in clinic, we designed the questionnaire.
The questionnaire consisted of 12 questions (see supporting information), which involved the management of arterial line, the incidence and the influence factors of arterial line occlusion, the effect of arterial line occlusion on the doctors' decision and the serious consequences caused by arterial line occlusion.
The Investigated Methods of the Questionnaire Survey
The questionnaires were randomly distributed to the anesthesiologists who participated the 22 nd annual meeting of Chinese society of anesthesiology in Chengdu, China on September 12 th and 13 th , 2014. All the respondents should have a working age more than 1 year in clinical anesthesia. Interns and anesthesiologists who had not engaged in clinical work for 1 year or more were excluded in this survey. Before investigating, the investigators explained the aim and detail instructions of filling the questionnaire to every respondent and the respondent should agree to be investigated and make sure the valid of the answer. All the questionnaires were promptly gotten back after being answered.
Data Collection of the Questionnaires
The questionnaires were collected and centrally kept. The valid questionnaires were selected, which should meet the following requirements: First, all the questions must be answered in clearly writing; second, there was no obvious make do among these answers; third, there was no inherent conflict among these answers.
Statistical Analysis
The general information was descriptively analyzed. Continuous variables were presented as mean ± standard deviation of the mean (SD). Comparison of continuous variables were done with two-tailed nonparametric test of Kruskal-Wallis because of the abnormal distribution and the large SD. Comparison of count variables were done with two-tailed chi-square followed by multiple comparisons of Bonferroni. Statistical analysis was performed using SPSS 16.0 statistical software package (SPSS Inc., Chicago, IL, USA). A value of P < 0.05 was considered statistically significant.
Results
The Characteristics of the Respondents
The Valid Response Rate
Totally 294 questionnaires were collected, in which 261 questionnaires were valid. The valid response rate was 88.8%.
Working Age of the Respondents
Working age of the respondents was 1 year in the minimum and 33 years in the maximum. The average value of working age was 9.9 ± 7.0 years. The constituent ratio of the respondents' working age was shown in Table 1 .
Professional Titles of the Respondents
The constituent ratio of the respondents' professional titles was shown in Table 1 .
The IBP Monitoring Cases Performed per Month in the Respondents' Serious Recall
In all the respondents' serious recall, the IBP monitoring cases performed by the respondents per month was less than 5 in the minimum and 300 in the maximum, and sixty-four percent of the respondents performed more than 10 cases per month. The constituent ratio of the amount of IBP monitoring used by the respondents per month was shown in Table 1 .
The Arterial Line Managing Status in Clinic
Types of Fluid for Flushing the Arterial Line
In all the respondents, 10.3% indicated they used normal saline for flushing the arterial line, while 89.7% indicated they used heparinized normal saline as routine.
Time Interval of Flushing the Arterial Line
In all the respondents, 41.3% indicated that they did not flush the arterial line until the arterial waveform was not perfect. The other respondents expressed they flushed the arterial line within a time interval from 15 minutes to 1 hour. The time interval of flushing the arterial line was shown in Table 2 .
For the clinical implementation status of flushing arterial line on time, 28.3% of all the respondents expressed that they could not flush arterial line on time and 95.4% expressed that they flushed arterial line only or sometimes or occasionally when the arterial waveform was not normal. The results of the two questions were shown in Table 2 .
The Incidence of Arterial Line Occlusion
In all the respondents, 93.9% had ever experienced partial occlusion of the arterial line, and 79.3% had ever experienced complete occlusion of the arterial line during IBP monitoring. According to the serious recall of the Only when necessary: only when arterial waveform was not perfect. Entirely: do as the requirement entirely. Basically: do as the requirement basically. Not basically: not do as the requirement basically. Not entirely: not do as the requirement entirely. Data are expressed as the number of the respondents (percentage that the number accounts for in all the respondents).
respondents, the incidence of partial arterial line occlusion was 17.7% ± 22.0%, and the incidence of complete arterial line occlusion was 3.6% ± 8.1%. The incidence of partial or complete arterial line occlusion in the memory of the respondents with different professional titles was shown in Table 3 .
The Consequences of Invasive Blood Pressure Measuring Errors Caused by Arterial Line
Occlusion In all the respondents, 89.7% had the experience of suspicion of arterial line occlusion while real hypotension occurred, 65.1% had experienced not treating hypotension on time due to this suspicion, and 31% had experienced serious consequences caused by this suspicion. The answers of the respondents with different professional titles were shown in Table 3 .
The Causes of Arterial Line Occlusion
This was multiple-choice question in the questionnaire. In all the respondents, 92.7% expressed the posture change of the puncture site led to arterial line occlusion and 70.9% expressed not flushing arterial line on time caused occlusion of arterial line. Forty-nine percent of the respondents expressed the cuff of non-invasive blood pressure monitoring proximal to the puncture site might cause arterial line occlusion, and 3.8% expressed that some other causes might lead to arterial line occlusion, such as thrombosis, cannula bending, and vascular malformation of the patients.
The Attitudes towards Maintaining the Arterial Line Patency by Flushing the Arterial Line or Regulating the Position of the Puncture Site Repeatedly
In all the respondents 19.5% expressed these procedures would be a burden to doctors, and 52.5% hoped these procedures could be avoided. The constituent ratio of the attitudes towards this question was shown in Table 4 .
Discussion
The word monitor originates from the Latin word "monere", which means "to remind, advise, or warn" [1] . For patients in perioperative period, especially in anesthesia period, there can be a dramatic and rapid change in the vital signs and symptoms. The basic aim of monitoring is to discover the abnormal sign timely and accurately, so the physicians can give effective prevention and treatment to the patients according the monitoring data. During anesthesia, maintenance of adequate tissue perfusion is mandatory, and blood pressure and heart rate are used as the main hemodynamic index [10] . Arterial pressure measurement can supply primary information about the performance of the cardiovascular system and tissue perfusion, so it is an important monitoring index to evaluate the patients' hemodynamics [8] [11] . During the period of anesthesia, there are strong stress factors, such as patients' anxiety, operation stimulus, or visceral traction pain and inhibited factors, such as inhalation anesthetics, intravenous anesthetics or spinal anesthesia, interfering with the normal regulating mechanism of blood pressure, which cause perioperative blood pressure changes even in the easy-operation or short-time surgeries, especially in the complex or long-time surgeries.
Perioperative blood pressure management is a key monitoring factor for anesthetists, as its instability is associated with adverse events. There are 26.4% of the total adult population suffered from hypertension in the Data are expressed as the number of the respondents (percentage that the number accounts for in all the respondents).
world [12] . Perioperative hypertension occurs in 25% of hypertensive patients who undergo surgery [13] . It is an independent predictive factor of cardiac adverse events in noncardiac surgery [14] . In patients with known coronary artery disease or at high risk for coronary artery disease who are undergoing noncardiac surgery, preoperative hypertension increases risk for death by 3.8 times [15] . Isolated systolic hypertension is also associated with a 40% increase in perioperative cardiovascular morbidity in coronary artery surgery patients [16] . Perioperative hypertension increases blood loss, myocardial ischemia, and cerebrovascular events [10] . Meanwhile, intraoperative hypotension is one of the most encountered factors associated with death related to anesthesia [17] . There is no widely accepted definition of intraoperative hypotension, resulting in different incidences being reported across studies. Bijker et al. found that intraoperative hypotension occurs with anesthesia administration in 5% -99% of patients [18] . For cesarean delivery under spinal anesthesia, the incidence of hypotension varies between 7.4% and 74.1% in accordance with various definitions of hypotension [19] . A decrease of 40% in MAP or an episode of a MAP < 50 mmHg during surgery is associated with cardiac events in high-risk patients [14] . Even short episodes of intraoperative MAP of <55 mmHg are associated with acute kidney injury and myocardial injury after a noncardiac surgery [20] . To sum up, optimal perioperative blood pressure management appears to be a key factor for patients' care, which depends on the timely and effective monitoring of blood pressure. IBP monitoring is widely used in anesthesia and intensive care unit, and the patency condition of the arterial line is an important factor to ensure the timely and accurate monitoring of blood pressure. The survey showed, in all the respondents, 93.9% had ever experienced partial occlusion of the arterial line, and 79.3% had ever experienced complete occlusion of the arterial line during IBP monitoring. According to the serious recall of the respondents, the incidence of partial arterial line occlusion was 17.7% ± 22.0%, and the incidence of complete arterial line occlusion was 3.6% ± 8.1%. Occlusion of arterial line would be a great influence on the accuracy of blood pressure monitoring and a threat to the patients' safety. From all the respondents, 89.7% of them had the experience of suspicion of arterial line occlusion while real hypotension occurred, 65.1% of them had experienced not treating hypotension on time due to this suspicion, and 31% of them had experienced serious consequence caused by this suspicion. So ensuring the patency condition of the arterial line during IBP monitoring should be got further attention in clinical work.
For the high incidence of arterial line occlusion, which is a threat to the safety of patients, it is necessary to learn about the causes. This investigation showed the posture change of the puncture site was an important fac-tor causing arterial line occlusion. While not flushing arterial line timely also contributed to arterial line occlusion. Our survey showed that, in all the respondents, 28.3% expressed that they could not flush arterial line on time, and 95.4% expressed that they flushed arterial line only or sometimes or occasionally when the arterial waveform was not normal. Seventy-two percent of all the respondents expressed maintaining the arterial line patency by flushing the arterial line or regulating the position of the puncture site repeatedly would be a burden to doctors or hoped these procedures could be avoided. In addition, 89.7% of the respondents indicated they used heparinized normal saline for flushing arterial line as routine. A dilute concentration of heparin (1 to 2 units heparin/mL saline) added to the flush solution to reduce the incidence of catheter thrombosis was mentioned in Miller's Anesthesia, but it was reminded that this practice increased the risk of heparin-induced thrombocytopenia [21] . Tuncali and Whitta both demonstrated that there was no significant difference between heparinized and nonheparinized flush solutions on the maintenance of radial artery catheter patency [22] [23]. Miller's Anesthesia pointed out that the rapid flushing should be used to restore the dynamic response characteristics of the pressure monitoring system, which otherwise slowly deteriorated over time [21] . While, flushing arterial line timely for maintenance of arterial line patency was not seriously carried out in clinic, which might due to the fact that the clinicians did not pay intensive attention to flushing arterial line timely and the serious consequences caused by that, and the heavy workload of the clinicians might be another important cause.
Our study is the first to investigate the incidence and consequences of IBP measuring errors caused by arterial line occlusion in the form of questionnaire survey. The respondents of this survey were the anesthesiologists who participated the 22 nd annual meeting of Chinese society of anesthesiology. In all the respondents, 68.2% had a working age of 6 years or more longer, and 70.8% had a professional title of attending doctors or higher. All of the respondents were active in anesthesia clinical work with a wealth of clinical experience, so there should be high reliability of the answers of these questionnaires. In this survey, the questionnaires were randomly distributed, promptly collected and seriously sorted. Meanwhile all the questionnaires were filled out anonymously, so the respondents did not have any relevant concerns. All the above ensured the authenticity and reliability of this survey.
The major limitation of the study was that the cases of IBP monitoring used per month for every respondent and the incidence of arterial line occlusion were detected by serious recall of the respondent, and there would be some discrepancy between the respondents' memory and clinic records. So we explained the aim and detail instructions of filling the questionnaire to every respondent before investigating to make sure the valid of the answer close to the clinic records by the largest extent. Except working age and professional titles, other factors, such as gender or educational background might also affect the IBP monitoring, which would be a content of our future work.
Conclusion
The incidence of arterial line occlusion is high during IBP monitoring in clinical anesthesia, which has a great influence on the accuracy of blood pressure monitoring and is also a threat to the patients' safety. So, intensive attention should be paid to the arterial line management during IBP monitoring.
